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What is GPS *

* The Global Positioning System



How does GPS work?



GPS Surface Reflections
Background

• In 1994 French researchers reported an accidental acquisition 
of GPS over rough, Atlantic waters, much to their surprise.

• Signal was strong enough to be tracked and an erroneous 
position fix generated. “Work-arounds” developed and 
the work was dropped.

• Two of us here at Langley recognized the significance of the  
French results, and began a study of the remote sensing  
applications of the water reflection. 



GPS Surface Reflections
Fundamental Principles

• The reflection of GPS from water is very high 

• For a calm body of water the surface behaves 
almost the same  as a mirror to the GPS signal.

• The reflected signal can be almost as strong as the 
direct signal and nearly indistinguishable from  it. 

• An aircraft with a bottom antenna would sense 
this reflected signal as a normal GPS signal, an 
error called multipath.



GPS Surface Reflections
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Figure 1  Illustration of geometry describing reflected GPS signals in an aeronautical application.
The GPS satellites are assumed to provide uniform signals in the form of a plane wave.



GPS Surface Sampling
The World at L-Band



An Example of GPS Sensitivity to Water



0.00E+00

1.00E-01

2.00E-01

3.00E-01

4.00E-01

5.00E-01

1 101 201

Effect of increasing wind speed on internal GPS correlation function.
Widening is a direct indicator of surface roughness.
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Illustration of Retrievals
TOPEX Underpass and Outer bands of Bonnie ‘98
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Lockheed WP-3D Orion
The renowned NOAA WP-3D Orions, participate in a 
wide variety of national and international 
meteorological, oceanographic and environmental 
research programs in addition to their widely known 
use in hurricane research and reconnaissance. These 
versatile turboprop aircraft are equipped with an 
unprecedented variety of scientific instrumentation, 
radars and recording systems for both in-situ and 
remote sensing measurements of the atmosphere, the 
earth and its environment.







Hurricane Michael





The Flight into Michael
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GPS data from eye of Hurricane 
Michael

0

5

10

15

20

25

30

35

30 31 32 33 34

Latitude, degrees

W
in

d 
sp

ee
d,

 m
et

er
s 

pe
r 

se
co

nd Composite GPS

Aircraft level



sjk_ion_fit.ps



PACJET Mission off West Coast
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2001/02/12: Catalina 
Island

Height inverted for 
surface elevation estimate

Height above surface

Offset due to specular/nadir 
point location difference 

From University of Colorado ION paper, Masters, Axelrad, Katzberg,etc.











GPS Surface Reflections
Conclusions

• The GPS signal reflected from land as well as water surfaces 
has been shown to be capable of use as an altimeter.

• The accuracy attainable from such an application can be on 
the order of a few meters or better.

• The measurements provided are positive indications and
do not appear susceptible to false readings.

• The modifications to light aircraft and GPS receivers to add 
this capability are minor.  


